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(57) ABSTRACT

Embodiments facilitate greater flexibility in definition of user
segments for targeted advertising, by employing indexed
semantic user profiles. Semantic user profiles are built
through extraction of online user behavior data such as user
search queries and page views, and include user interest infor-
mation that 1s inferred based on user behavior. Semantic user
profiles are then indexed to facilitate search for a set of users
that fit specified semantic search terms. Search results for
semantic profiles are ranked according to a ranking model
developed through machine learning. In some embodiments,
building and indexing of semantic profiles and learning of the
ranking model 1s performed offline to facilitate more efficient
online processing of queries.
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INDEXING SEMANTIC USER PROFILES FOR
TARGETED ADVERTISING

BACKGROUND

The growth of the World Wide Web has led to a greater

quantity and variety of information available to users online.
Because much web content 1s made available for free or at
relatively low cost to users, web site and web service provid-
ers olten employ online advertising to generate revenue. In
general, online advertising provides a means for displaying
visual and audio ads to potential customers as they view web
pages, perform searches through web-based search engines,
use social networking sites, use electronic mail services, play
games, view entertainment content, and generally engage 1n
online activities.

One advantage of online advertising over more traditional
forms of advertising (e.g., radio, television, and print ads) 1s
the greater flexibility of online advertisers to tailor advertis-
ing campaigns based on time, location, context, and user
segment (e.g. a group of users). In particular, online advertis-
ers employ behavioral targeting to increase the effectiveness
of an advertising campaign by targeting user groups with
specific ads based on information that 1s known about the
users’ aggregate behavior and interests. However, because
traditional behavioral targeting methods generally rely on
pre-defined user segments that may be too broad or too nar-
row for a particular advertiser’s needs, advertisers may miss
valuable opportunities to provide the right advertisement that
1s more specifically targeted to a particular user segment or
individual user.

SUMMARY

To achieve greater flexibility in the defimition of user seg-
ments for targeted advertising, a semantic profile 1s defined
for one or more online users. The semantic profiles are
indexed for searching, and search results for semantic profiles
are ranked and provided to a potential advertiser or other
entity that wishes to create a user segment. The ranking may
be performed offline, and may be based on a ranking model
developed through machine learning.

This Summary 1s provided to mtroduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identily key features or essential features of the claimed sub-
ject matter, nor 1s 1t mtended to be used to limit the scope of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure in which the reference
number first appears. The same reference numbers 1n ditfer-
ent figures 1indicate similar or 1dentical 1tems.

FIG. 1 1s a schematic diagram depicting an example envi-
ronment in which embodiments may operate.

FIG. 2 1s a diagram of an example computing device (e.g.
client device) that may be deployed as part of the example
environment of FIG. 1.

FIG. 3 1s a diagram of an example computing device (e.g.
server device) that may be deployed as part of the example
environment of FIG. 1.

FIG. 4 1s a flow diagram of an illustrative process for
creating and indexing semantic user profiles.
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FIG. 5 1s a flow diagram of an illustrative process for
providing a ranking model.

FIG. 6 1s a flow diagram of an illustrative process for
processing a semantic query.

FIG. 7 1s depicts an example user interface for entering a
semantic query.

FIGS. 8 A-8C depict an example user interface for viewing,
results of a semantic query.

DETAILED DESCRIPTION

Overview

Embodiments of the present invention provide advertisers
and/or other entities greater flexibility in defining user seg-
ments for targeted advertising. This greater flexibility 1s
achieved by building semantic profiles for users, indexing
those semantic profiles to facilitate search queries, and rank-
ing of semantic profile search results using a machine learn-
ing generated ranking model. In some embodiments, a
dynamic profile 1s generated for one or more online users by
extracting data regarding each user’s online behavior, includ-
ing but not limited to the user’s search queries and web page
views. Such data may be described as dynamic, given that 1t
may change in response to the user’s interests, moods, and/or
activities from day to day. A semantic profile 1s then generated
for the user through a correlation or other analysis of data 1n
the user’s dynamic profile. In some embodiments, the seman-
tic profile may include information regarding domain, intent,
preference, and/or habits for the user’s online behavior. These
types of data are further described herein.

In some embodiments, the semantic profile may be further
based on a static user profile. The static profile may include
demographic, geographic, or other information that 1s par-
ticular to the user, and that changes less frequently than
dynamic data. The static profile may be generated by an
external process or service (e.g., a social network, gaming,
¢-mail, messaging, and/or web portal service, or the like).
Other information may be included 1n the semantic profile
without deviating from the scope or spirit of the claimed
ivention.

In some embodiments, the semantic profile 1s indexed to
facilitate an advertiser’s (or other entity’s) search over stored
semantic profiles. Indexing may be based on information
included 1n the semantic profile, such as domain, intent, pret-
erence, habit, demographic, and/or geographic information
for the user. In some embodiments, updating and indexing of
semantic profiles may be an ongoing process as additional
behavioral data 1s received for the profiled users. In such
cases, semantic profiles may be based on a shifting time
window of data (e.g., the most recent month’s worth of online
behavior data). In some embodiments, generation, updating
and 1indexing of semantic profiles 1s performed 1n an offline
mode (e.g. through batch processing, periodically scheduled
computing jobs, and the like).

Some embodiments further enable a search over the
indexed semantic queries, to facilitate definition of a user
segment for targeted advertising. Such a search may be per-
formed by an advertiser or other entity seeking to define a
particular user segment. In some embodiments, the query 1s a
semantic query employing terms (e.g., domain, intent, prei-
erence, and habit) that are substantially similar to the various
categories of data that make up the semantic profile. In some
embodiments, semantic profiles resulting from the search
may be ranked based on a measured degree of closeness
between the terms of the semantic query and the resulting
semantic profiles. Such ranking may be based on a ranking
model that 1s developed through machine learning. This
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machine learning may be supervised or unsupervised. In
some embodiments, supervised machine learning, €.g. using
a support vector machine (SVM) method, 1s employed to
create and maintain the ranking model. In some embodi-
ments, the ranking model 1s created and maintained ofiline,
whereas searches are performed and sets of semantic profiles
resulting from the searches are ranked 1n an online mode (e.g.
on-the-tly or dynamically as semantic queries are received).

Some embodiments may include one or more user inter-
faces provided to enable a semantic query to be specified by
an advertiser or other entity. The semantic query may employ
similar terms (e.g. semantic elements) to those data elements
that form the semantic profile. Various user interfaces may
also be provided to display the results of a search performed
based on a semantic query. Generally, search results are pre-
sented 1 a ranked format (e.g. a list), and the ranking 1s
performed based on a ranking model developed offline
through a supervised machine learning process. Creation,
updating and 1indexing of semantic profiles may also be per-
formed offline, to enable a more efficient and/or timely
response to semantic queries recerved from advertisers.

Embodiments may include a method or process performed
by a computing device, computer readable storage media
storing instructions that instruct a computing device to per-
form mventive actions, the computing device so instructed,
and/or a system or environment in which the computing
device operates. Such embodiments are exemplary, and other
embodiments may be included 1n the claimed subject matter
without deviating from the spirit of the mvention described
herein.

[llustrative Environment

FIG. 1 shows an example environment 100 in which
embodiments operate. As shown, the various devices of envi-
ronment 100 communicate with one another via one or more
networks 102 that may include any type of networks that
enable such communication. For example, networks 102 may
include public networks such as the Internet, private networks
such as an institutional and/or personal intranet, or some
combination of private and public networks. Networks 102
may also include any type of wired and/or wireless network,
including but not limited to local area networks (LANs), wide
area networks (WANSs), Wi-F1, WiMax, and mobile commu-
nications networks (e.g. 3G, 4G, and so forth). Networks 102
may utilize communications protocols, including packet-
based and/or datagram-based protocols such as internet pro-
tocol (IP), transmission control protocol (TCP), user data-
gram protocol (UDP), or other types of protocols. Moreover,
networks 102 may also include a number of devices that
facilitate network communications and/or form a hardware
basis for the networks, such as switches, routers, gateways,
access points, firewalls, base stations, repeaters, backbone
devices, and the like.

Environment 100 further includes one or more web user
client device(s) 104 associated with web user(s). Brietly
described, web user client device(s) 104 may include any type
of computing device that a web user may employ to send and
receive mmformation over networks 102. For example, web
user client device(s) 104 may include, but are not limited to,
desktop computers, laptop computers, pad computers, wear-
able computers, media players, automotive computers,
mobile computing devices, smart phones, personal data assis-
tants (PDAs), game consoles, mobile gaming devices, set-top
boxes, and the like. Web user client device(s) 104 generally
include one or more applications that enable a user to send
and receive information over the web and/or internet, includ-
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4

ing but not limited to web browsers, e-mail client applica-
tions, chat or mstant messaging (IM) clients, and other appli-
cations.

Environment 100 may also include one or more advertiser
client device(s) 106. These advertiser client device(s) may be
any of the computing device types listed above 1n the descrip-
tion of web user client device(s) 104, and generally include
one or more applications that enable an advertiser to enter a
semantic query to perform a search for semantic profiles,
recerve ranked results of the search, and/or select one or more
semantic profiles to define a user segment for targeted adver-
tising.

Although the party requesting a search for semantic pro-
files 1s generally described herein as an advertiser, the
claimed invention 1s not so limited. The functionality
described herein may be of advantage to other types of person
and/or entities, including but not limited to market research-
ers, data aggregators, or virtually anyone seeking to analyze
online user behavior for whatever purpose. Thus, the term
advertiser as used herein encompasses any such user. Client
computing devices, including web user client devices 104 and
advertiser client devices 106, are described 1n further detail
below, with regard to FIG. 2.

As shown, environment 100 may further include one or
more web server(s) 108. Web server(s) 108, as well as the
other types of servers 112,114, 116 and 118 shown in FIG. 1,
are described 1n greater detail herein with regard to FIG. 3.
Briefly stated, web server(s) 108 include computing devices
that are configured to serve content or provide services to
users over network(s) 102. Such content and services
includes, but 1s not limited to, hosted static and/or dynamic
web pages, social network services, e-mail services, chat
services, games, multimedia, and any other type of content,
service or information provided over the web.

In some embodiments, web server(s) 108 may collect and/
or store information related to online user behavior as users
interact with web content and/or services. For example, web
server(s) 108 may collect and store data for search queries
specified by users using a search engine to search for content
on the web. Moreover, web server(s) 108 may also collect and
store data related to web pages that the user has viewed or
interacted with, the web pages 1dentified using an IP address,
uniform resource locator (URL), uniform resource 1dentifier
(URI), or other identiiying information. This stored data may
include web browsing history, cached web content, cookies,
and the like.

As further shown FI1G. 1, environment 100 may include one
or more query processing server(s) 112. Such servers may be
configured to recerve semantic queries entered by parties
requesting a search for semantic profiles, including parties
such as advertisers using advertiser client device(s) 106.
Query processing server(s) 112 may also be configured to
perform the search, rank the semantic profiles resulting from
the search, and/or provide to the advertiser the ranked search
results. In some embodiments, query processing server(s)
112 provide one or more user interfaces to enable an adver-
tiser to request a search and/or view search results. Examples
of such user interfaces are further described herein with
regard to FIGS. 7 and 8A-8C.

Environment 100 may also include one or more indexing
server(s) 114, configured to mndex semantic profiles to facili-
tate searches for semantic profiles. Environment 100 may
turther include one or more profile build/extraction server(s)
116. Such servers may be configured to extract dynamic user
profiles from the online user behavior data (e.g. search query
and page view information recerved from web server(s) 108).
Profile build/extraction server(s) 116 may be further config-
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ured to build semantic user profiles. In some embodiments, a
semantic user profile 1s built for a user based on an analysis
(c.g. correlation) of user behavior data included in the
dynamic user profile. Such analysis 1s described 1n greater
detail below, with regard to FIG. 4.

As depicted, environment 100 also includes one or more
ranking model learning server(s) 118. Generally, these serv-
ers are configured to create and maintain a ranking model
used to rank the results of searches over semantic queries. In
some embodiments, the ranking model 1s developed using
supervised (e.g. employing a SVM technique) or unsuper-
vised machine learming. However, other types of machine
learning may be employed without deviating from the spirit
or scope of the claimed invention. As depicted in FIG. 1,
ranking model learning server(s) may be configured as a
cluster of servers that share the various tasks related to learn-
ing the ranking model.

In some embodiments, various operations are performed in
an oifthne mode, e¢.g. as a scheduled batch processing, an
ongoing process, or the like. Such offline operations may
include the creation and/or maintenance of the ranking model
by ranking model server(s) 118, the extraction and building of
dynamic and semantic profiles by profile build/extraction
server(s) 116, and/or indexing of the semantic profiles by
indexing server(s) 114. Such operations may be performed
olffline to enable more timely and/or efficient online process-
ing of semantic queries, €.2. by query processing server(s)
112.

Although not explicitly depicted, environment 100 may
further 1nclude one or more databases or other storage
devices, configured to store data related to the various opera-
tions described herein. Such storage devices may be mncorpo-
rated into one or more of the servers depicted, or may be
external storage devices separate from but 1n communication
with one or more of the servers. For example, user behavior
data (e.g. search queries and page view imnformation) may be
stored 1n a database by web server(s) 108, and from there
provided to profile build/extraction server(s) 116. Similarly,
profile build/extraction server(s) 116 may also use a database
to store static, dynamic, and/or semantic profiles for one or
more users. Indexing server(s) 114 may access the stored
semantic profiles to imndex them, and subsequently save the
indexed semantic profiles in a database. Query processing
server(s) 112 may access the indexed semantic profiles while
performing searches based on semantic queries recerved from
advertisers.

In general, each of the one or more of the servers depicted
in FIG. 1 may include multiple computing devices arranged
in a cluster, server farm, or other grouping to share workload.
Such groups of servers may be load balanced or otherwise
managed to provide more efficient operations. Moreover,
although various computing devices of environment 100 are
described as clients or servers, each device may operate 1n
either capacity to perform operations related to various
embodiments. Thus, the description of a device as client or
server 1s provided for illustrative purposes, and does not limait
the scope of activities that may be performed by any particu-
lar device.

[llustrative Client Device Architecture

FIG. 2 depicts a block diagram for an example computer
system architecture for web user client device(s) 104 and/or
advertiser client device(s) 106, 1n accordance with various
embodiments. As shown, client device 200 1includes process-
ing unit 202. Processing unit 202 may encompass multiple
processing units, and may be implemented as hardware, soft-
ware, or some combination thereof. Processing unit 202 may
include one or more processors. As used herein, processor
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refers to a hardware component. Processing unit 202 may
include computer-executable, processor-executable, and/or
machine-executable instructions written in any suitable pro-
gramming language to perform various functions described
herein. In some embodiments, processing unit 202 may fur-
ther include one or more graphic processing units (GPUs).

Client device 200 further includes a system memory 204,
which may include volatile memory such as random access
memory (RAM), static random access memory (SRAM),
dynamic random access memory (DRAM), and the like. Sys-
tem memory 204 may also include non-volatile memory such
as read only memory (ROM), tlash memory, and the like.
System memory 204 may also include cache memory. As
shown, system memory 204 includes one or more operating,
systems 206, and one or more program modules 210, includ-
ing programs, applications, and/or processes, that are load-
able and executable by processing unit 202. System memory
204 may further store program data 208 that 1s generated
and/or employed by program modules 210 and/or operating
system 206 during their execution.

Program modules 210 include a browser application 212
(e.g. web browser) that allows a user to access web content
and services. In some embodiments, program modules 210
may also include a semantic query program 214. This pro-
gram may enable advertisers or other entities to specily a
semantic query for searching semantic profiles, and may dis-
play search results. In some embodiments, this program 1s a
client application that executes on a device such as advertiser
client device(s) 106, and that communicates with query pro-
cessing server(s) 112. In some embodiments, this functional-
ity 1s provided to an advertiser as a web service, accessible to
the advertiser through browser application 212. Program
modules 210 may further include other programs 216.

As shown 1n FIG. 2, client device 200 may also include
removable storage 240 and/or non-removable storage 242,
including but not limited to magnetic disk storage, optical
disk storage, tape storage, and the like. Disk drives and asso-
ciated computer-readable media may provide non-volatile
storage of computer readable instructions, data structures,
program modules, and other data for operation of client
device 200.

In general, computer-readable media includes computer
storage media and communications media.

Computer storage media includes volatile and non-vola-
tile, removable and non-removable media implemented in
any method or technology for storage of information such as
computer readable instructions, data structure, program mod-
ules, and other data. Computer storage media includes, but 1s
not llmlted to, RAM, ROM, erasable programmable read-
only memory (EEPROM), SRAM, DRAM, tflash memory or
other memory technology, compact disc read-only memory
(CD-ROM), digital versatile disks (DVDs) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other non-
transmission medium that can be used to store information for
access by a computing device.

In contrast, communication media may embody computer
readable instructions, data structures, program modules, or
other dataina modulated data signal, such as a carrier wave or
other transmission mechanism. As defined herein, computer
storage media does not include communication media.

Client device 200 may include mput device(s) 244, includ-
ing but not limited to keyboard, mouse, pen, voice mput
device, touch mput device, and the like. Client device 200
may further include output device(s) 246 including but not
limited to a display, printer, audio speakers, and the like.
Client device 200 may further include communications con-
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nection(s) 248 that allow client device 200 to communicate
with other computing devices 2350, including server devices,

databases, or other computing devices available over net-
work(s) 102.
[lustrative Server Device Architecture

FIG. 3 depicts a block diagram for an example computer
system architecture for various server device depicted in FIG.
1. As shown, computing device 300 includes processing unit
302. Processing unit 302 may encompass multiple processing
units, and may be implements as hardware, software, or some
combination thereof. Processing umit 302 may include one or
more processors. As used herein, processor refers to a hard-
ware component. Processing unit 302 may include computer-
executable, processor-executable, and/or machine-execut-
able instructions written 1n any suitable programming
language to perform various functions described herein. In
some embodiments, processing unit 302 may further include
one or more graphic processing units (GPUs).

Computing device 300 further includes a system memory
304, which may include volatile memory such as random

access memory (RAM), static random access memory
(SRAM), dynamic random access memory (DRAM), and the
like. System memory 304 may further include non-volatile
memory such as read only memory (ROM), tlash memory,
and the like. System memory 304 may also include cache
memory. As shown, system memory 304 includes one or
more operating systems 306, and one or more executable
components 310, including components, programs, applica-
tions, and/or processes, that are loadable and executable by
processing unit 302. System memory 304 may further store
program data 308 that 1s generated and/or employed by pro-
gram modules 310 and/or operating system 306 during their
execution.

Executable components 310 include one or more of various
components to implement functionality described herein, on
one or more of the servers depicted in FIG. 1. For example,
executable components 310 may 1nclude extraction compo-
nent 312, configured to extract user behavior data and gener-
ate a dynamic profile. Executable components 310 may fur-
ther include semantic build component 314 to build a
semantic profile based on a dynamic profile and/or static
profile, and indexing component 316 to index one or more
semantic profiles to facilitate search operations. Executable
components 310 may also include query processing compo-
nent 318, operative to recerve a semantic query specified by
an advertiser, execute the semantic query against a collected
of indexed semantic profiles, and provide the results of the
semantic query.

Executable components may further include modeling
component 320 that performs actions for creating and main-
taining a ranking model for use 1n ranking semantic profiles
output from a search based on a semantic query. As described
turther herein, 1n some embodiments modeling component
320 may employ machine learning (e.g., supervised or unsu-
pervised) to develop a ranking model. Executable compo-
nents 310 may further include other components 330.

As shown 1 FIG. 3, computing device 300 may also
include removable storage 340 and/or non-removable storage
342, including but not limited to magnetic disk storage, opti-
cal disk storage, tape storage, and the like. Disk drives and
associated computer-readable media may provide non-vola-
tile storage of computer readable instructions, data structures,
program modules, and other data for operation of computing,
device 300.

In general, computer-readable media includes computer
storage media and communications media.
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Computer storage media includes volatile and non-vola-
tile, removable and non-removable media implemented in
any method or technology for storage of information such as
computer readable mstructions, data structure, program mod-
ules, and other data. Computer storage media includes, but 1s
not limited to, RAM, ROM, erasable programmable read-
only memory (j,_,PROM) SRAM, DRAM, tflash memory or

other memory technology, compact disc read-only memory
(CD-ROM), digital versatile disks (DVDs) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other non-
transmission medium that can be used to store information for
access by a computing device.

In contrast, communication media may embody computer
readable instructions, data structures, program modules, or
other dataina modulated data signal, such as a carrier wave or
other transmission mechanism. As defined herein, computer
storage media does not include communication media.

Computing device 300 may include mput device(s) 344,
including but not limited to keyboard, mouse, pen, voice input
device, touch input device, and the like. Computing device
300 may further include output device(s) 346 including but
not limited to a display, printer, audio speakers, and the like.
Computing device 300 may further include communications
connection(s) 348 that allow computing device 300 to com-
municate with other computing devices 350, including client
devices, server devices, databases, or other computing
devices available over network(s) 102.

[llustrative Processes

FIGS. 4-6 depict tlowcharts showing example processes 1n
accordance with various embodiments. The operations of
these processes are 1llustrated 1n 1ndividual blocks and sum-
marized with reference to those blocks. The processes are
illustrated as logical flow graphs, each operation of which
may represent a set of operations that can be implemented in
hardware, software, or a combination thereof. In the context
of software, the operations represent computer-executable
instructions stored on one or more computer-readable storage
media that, when executed by one or more processors, enable
the one or more processors to perform the recited operations.
Generally, computer-executable instructions include rou-
tines, programs, objects, modules, components, data struc-
tures, and the like that perform particular functions or imple-
ment particular abstract data types. The order in which the
operations are described 1s not intended to be construed as a
limitation, and any number of the described operations can be
combined 1n any order and/or 1n parallel to implement the
Process.

FIG. 4 depicts an example process 400 for generating and
indexing semantic profiles, according to embodiments. Pro-
cess 400 executes on a computing device such as profile
build/extraction server(s) 116 and/or indexing server(s) 114.
After a start block 402, process 400 proceeds to 404 where
user behavior data 1s collected. Generally, such user behavior
data includes data regarding the behavior of one or more users
online. User behavior data may include information on search
queries entered by users 1nto a search engine to search the web
(e.g. search query data). User behavior data may also include
information on the web pages that users have viewed (e.g.
page view data), identified using an IP address, URL, URI or
some other 1dentifier.

In some embodiments, user behavior data may be received
from multiple sources including page view logs of web sites,
query logs of search engines, external data aggregators or
resellers, and/or other sources. For example, user behavior
data may be gathered and/or stored by one or more of the web
servers 108, and provided as a data stream to process 400. In
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some embodiments, a certain time slice of user behavior data
1s stored and used by process 400. User behavior data for each
day may be stored separately, and process 400 may employ a
predefined number of day-slices worth of data for further
processing (e.g., the most recent 30 days worth of data).

In some embodiments, users have the option to opt out of
having their user behavior data collected, 1n accordance with
a data privacy policy implemented on one or more of web
servers 108, on profile build/extraction server 116, or some
other device. Such opting out allows the user to specity that
no user behavior data is collected regarding the user, or that a
subset of the behavior data 1s collected for the user. In some
embodiments, a user preference to opt out may be stored on a
server, or indicated through information saved on the user’s
client device (e.g. through a cookie or other means). More-
over, some embodiments may support an opt-in privacy
model, in which online behavior data for a user 1s not col-
lected unless the user explicitly agrees.

At block 406, a dynamic user profile 1s automatically gen-
erated for one or more online users. The dynamic user profile
for a user includes the dynamic user behavior data recerved
regarding that user, and 1s generated by extracting that user’s
behavior data from the received stream of user behavior data.
In some embodiments, this extraction includes searching the
user behavior data for data that 1s associated with a particular
user 1dentifier for the user, such as a personal name, 1dentifier
number, login, game console tag, or some other identifier for
the user. In some embodiments, the user identifier may
uniquely 1dentily the user. As discussed above, this data 1s not
extracted 1f the user has opted out 1n accordance with a data
privacy policy.

At block 408, a semantic user profile 1s automatically cre-
ated for one or more users. A semantic user profile 1s created
for each user based on an analysis (e.g. a correlation) of user
behavior data stored in that user’s dynamic profile. In some
embodiments, the semantic user profile 1s further based on
information from one or more static profiles for the user. Such
static profiles may include geographic, demographic, and/or
other information particular to the user. Such information
may be described as more static, in that 1t changes less fre-
quently than the more dynamic data includes 1in the online
user behavior data. In some embodiments, static profile(s)
may be generated, maintained, and/or stored by processes or
services that are separate from or external to process 400,
such as a social network, a gaming account, a e-mail account,
a web portal account, an e-commerce site account, or other
online service.

Semantic profiles include data regarding domain, intent,
preference, and/or habits that are inferred for the user based
on the online behavior of the user. As used herein, DOMAIN
1s a particular category of product or service 1n which the user
has indicated an interest through search queries, page views
or other online behavior. For example, 1f the user behavior
data for a user mncludes a web search query for “used cars”
and/or a page view of a web site “http://www.carscar-
scars.Xyz, 1t may be inferred that the user has an interest 1n
cars. Thus, the semantic profile for the user may include an
clement DOMAIN="car.”

Asused herein, INTENT 1ndicates a particular intent of the
user with regard to a DOMAIN. For example, 1f user behavior
data includes a web search query for “automotive repair”
and/or a page view of a web site “http://localcarrepair.xyz,”
then the semantic profile for a user may include an elements
DOMAIN="car” and INTENT="repair.” Alternatively, if the
user behavior data contains evidence that the user 1s searching,
tor pricing and/or availability information for particular cars,
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an element INTENT="purchase” may be inferred for the user
and saved 1nto the user’s semantic profile.

As used herein, PREFERENCE indicates a sub-category or
modification of DOMAIN information for the user. For
example, ifuser behavior data for a user includes a web search
query for “used cars” and/or a page view of a web site “http://
usedcars.xyz,” it may be inferred that the user has an interest
in used cars. The semantic profile for the user may then
include DOMAIN="car” and PREFERENCE="used car.”
Preference may also include a user’s preference for a particu-
lar brand (e.g., company, manufacturer, provider, distributor,
or the like) of the product or service specified by domain.

In some embodiments, semantic profiles may further
include habit information for users. As used herein, HABIT
indicates temporal, geographic, and/or other contextual infor-
mation related to the inferred interests of a user. For example,
user behavior data may indicate that a user tends to search for
information on used cars on weekday evenings given the
user’s particular time zone. In that case, the semantic profile
for the user may include elements for DOMAIN="*car,”
PREFERENCE="used car,” and HABIT="weekday
evening.” In another example, user behavior data may 1ndi-
cate that a user often browses theater ticket web sites when
she visits New York City. In that case, the semantic profile for

the user may include elements for DOMAIN="live theater,”
and HABIT="New York City, New York, USA”

Habit information may further include DWELLTIME, a
measure of the length of time the user spent viewing a web
page and/or viewing results of a web query. In this way,
DWELLTIME provides an indication of the user’s strength of
interest in a particular DOMAIN, INTENT, and/or PREFER -
ENCE. For example, a user who spends 300 seconds viewing
a web page may have a stronger interest in the contents of that
page than a user who spends five seconds viewing the page.

In this way, the elements DOMAIN, INTENT, PREFER-
ENCE, and/or HABIT form a semantic framework that may
be used to describe user interests that are inferred from the
user’s online behavior. This semantic framework 1s also used
by an advertiser (or other party) who specifies a semantic
query to search for semantic profiles containing particular
DOMAIN, INTENT, PREFERENCE, HABIT, and/or other
information. Semantic queries are described further herein
with regard to FIG. 6.

Returning to FIG. 4, at block 410 one or more semantic
user profiles may be indexed to facilitate search operations. In
some embodiments, semantic profiles are indexed by a dedi-
cated server or cluster of servers such as indexing server(s)
114. In some embodiments, indexing takes place on the same
server or cluster of servers that builds the semantic profile,
such as profile build/extraction server(s) 116. An index 1s a
data structure that facilitates search of and data retrieval from
semantic profiles, created using one or more data elements of
the semantic profiles (e.g. DOMAIN, INTENT, PREFER-
ENCE, and/or HABIT).

In some embodiments, indexing may include constructing,
a data matrix for all or a subset of users, such that each row of
the matrix corresponds to a user, and each column of the
matrix 1s a particular data element from the semantic profile
(e.g. DOMAIN, INTENT, etc.) and/or static profile (e.g.,
demographic or geographic information). In some cases, this
matrix may be relatively sparse in that less data may be
available for some users than for other users. For example, for
some users demographic and geographic information may be
available, but little user behavior data i1s available to infer
domain, intent, preference and/or habit information. Other
users may have generated a greater amount of online user
behavior data such that domain, intent, preference and/or
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habit can be more reliably inferred. In cases where the matrix
1s sparse, one or more methods may be used to reduce the
sparseness prior to indexing. For example, a min-hash
method or other dimension reduction method may be used to
generate a denser matrix of data prior to indexing.

In some embodiments, the indexing process may be made
faster or more efficient using one or more techniques. For
example, the indexing process may be performed in parallel
by multiple devices to enable faster indexing of large numbers
of semantic user profiles. Further, in some embodiments
indexing may be made faster using an inverted index for first
order log operations, such that indexing 1s performed by
searching on a particular column (e.g. domain) of the data
matrix instead of by searching on a particular row (e.g. a
user).

In some embodiments, the indexing process may employ a
map/reduce framework to handle large amounts of received
user behavior data incorporated into semantic user profiles. In
such cases, the indexing process may build an inverted index
for any of the data elements of the semantic profiles, includ-
ing data elements from static user profiles (e.g. location,
demographic, and so forth), and/or data elements from
dynamic user profiles (e.g. domain, imtent, preference, habat,
and so forth).

For example, to build an mverted index based on the
INTENT element of semantic profiles, the indexing process
may first get a list of <user, intent> pairs by analyzing seman-
tic profiles. Then, the indexing process maps this list to a list
ol <antent, user> pairs, and reduces this list using intent as a
key. In this reduction step, the <intent, user> pairs are sorted
by intent and pairs with the same intent are merged as
<intentl, userl, user2 . . . > (e.g., where userl, user2 . . .
include those users who have shown intentl in their online
behavior). Finally, the indexing process builds the mverted
index as a data structure where each row 1s a different intent
that 1s associated with the various users who have expressed
that intent in their user behavior, e.g. {<intentl, userl,
user2 . .. >, <intent2, user2, userd ... >... }. Thus, an online
search can more easily retrieve a set of users who have shown
a particular itent.

In some embodiments, semantic profiles and their indexes
may be updated 1n an ongoing process as additional dynamic
user behavior data 1s received. Creation, updating, and/or
indexing of semantic profiles may be performed in an offline
process (e.g. through batch processing, periodically sched-
uled computing jobs, background tasks, and the like). Such
offline processing enables faster and more efficient online
processing ol semantic queries from advertisers. At block
412, process 400 returns.

FIG. 5 1s a flow diagram of an 1llustrative process 500 for
providing a ranking model, according to embodiments. Pro-
cess 500 executes on a computing device such as ranking
model learning server(s) 118. FIG. 5 illustrates at least one
embodiment 1n which a ranking model 1s developed through
supervised machine learning employing training data (e.g.
through a SVM method). However, the claimed invention 1s
not so limited and the ranking model may also be developed
using unsupervised machine learning or some other tech-
nique. In some embodiments, machine learning to develop
the ranking model occurs 1n an ofthine mode, to enable more
eilicient online processing of semantic queries from advertis-
ers.

After a start block 502, process 500 proceeds to collect
training data at block 504. Training data 1s collected from the
data of semantic profiles and from certain received semantic
queries, based on a determination that certain semantic que-
ries are relevant to certain users. Once such a determination 1s
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made, the data 1s labeled as training data and used to further
learn the ranking model. In some embodiments, training data
consists of pairs of semantic profile data and semantic query
data that have been determined to be suitable for use 1n the
supervised machine learning.

In general, two methods may be used for collecting training,
data. In one method, explicit feedback may be used to identily
training data. In this method, an editor may manually examine
cach of one or more semantic queries, and compare the query
to the semantic profiles that resulted from that query. In cases
where the editor determines that a result profile 1s relevant to
the semantic query, the editor may label that pair of semantic
profile and semantic query as training data.

In another method, implicit feedback may be used to 1den-
tify training data. In some embodiments, this implicit feed-
back method employs data from an ad click-through log.
First, a semantic query 1s mapped to a group of advertise-
ments that are relevant to the semantic query. In some cases,
this mapping may be based at least in part on those advertise-
ments where the associated advertisers have bid on, or other-
wise expressed an interest in, one or more keywords of the
semantic query, such that users who enter a query containing,
the keyword are shown the advertisement. Second, after the
semantic query 1s mapped to one or more advertisements,
those users who have been shown at least one of these adver-
tisements are identified as candidates.

Third, these candidates are then evaluated based on how
relevant each one 1s to the advertisements (and therefore to the
semantic query). In some embodiments, this relevance may
be based on each candidate’s behavior with regard to one or
more of the advertisements. For example, 11 a candidate user
clicked on at least one of the ads and the dwell time was at
least five seconds, the candidate may be deemed strongly
relevant to the query. I the candidate clicked on atleast one of
the ads, but had a shorter dwell time on the ad, the candidate
may be deemed only somewhat relevant (e.g. medium rel-
evance) to the query. If a candidate had more than five ad
impressions (e.g., was shown more than five of the ads) but
did not click on any of them, the user may be considered to be
less relevant or irrelevant.

Finally, these relevant determinations are used to decide
which candidates are included in the training data. For
example, 1n some embodiments semantic user profiles for the
strongly relevant candidates are included 1n the training data,
along with the semantic query used 1n the first step to identity
the advertisements. Various embodiments may use one or
both of the explicit and implicit feedback methods to identify
a set of tramning data. Following collection of traiming data,
machine learning may proceed at block 506. In some embodi-
ments, machine learning 1s based on the SVM techmque.

At block 508, the ranking model 1s updated based on the
machine learning. In some embodiments, after an advertiser
speciflies a semantic query for searching over semantic pro-
files of users, search results are presented to the advertiser as
an ordered list of users, ranked according to the ranking
model. In such cases, the rank represents a closeness or a
relevancy measure between the semantic profiles and the
search terms specified by the advertiser 1n the semantic query,
¢.g. more relevant semantic profiles are ranked higher 1n the
search results.

At block 510, a determination 1s made whether more train-
ing data 1s available for use 1n developing the ranking model.
IT so, process 500 returns to block 504. If not, process 500
proceeds to block 512 where the ranking model 1s provided to
a device that receives and processes semantic query requests
from advertisers (e.g. query processing server(s) 112). Such a
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device employs the ranking model to rank results of searches
based on semantic queries. At block 514, process 500 returns.

FIG. 6 1s a flow diagram of an 1llustrative process 600 for
processing a semantic query, according to embodiments. Pro-
cess 600 executes on a computing device such as query pro-
cessing server(s) 112. After a start block 602, process 600
receives a search query at block 604. As described herein, the
received search query 1s a semantic query specified by an
advertiser using one or more semantic terms including but not
limited to domain, intent, preference, and/or habit. The
semantic query can also include search terms for demo-
graphic and geographic user information, and other informa-
tion, as well as one or more logical operators (e.g., AND, OR,
NOT, XOR, and so forth) to relate search terms to one another.
For example, the user may specily a semantic query with
terms: DOMAIN="car” AND INTENT=*purchase” AND
REGION="united states west coast’ to find a set of users who
have, through their online behavior, expressed an interest in
purchasing a car and who live 1n the specified region.

Having recerved the semantic query, process 600 may pro-
ceed to block 606 where one or more semantic profiles are
retrieved that satisiy the semantic query. At block 608, the
retrieved semantic profiles are ranked based on the ranking,
model described herein with regard to FIG. 5. At block 610,
the ranked set of semantic user profiles are provided to the
advertiser (or other party) who specified the semantic query
and requested the search.

In general, ranking enables semantic profiles that are more
relevant and/or correspond more closely to one or more terms
of the semantic query to be placed higher in the list of search
results. Thus, an advertiser may choose the top ranked X
number of semantic profiles in the results to form a user
segment for a particular advertising campaign. More frequent
activity of a user with regard to a particular DOMAIN,
INTENT, PREFERENCE, and/or HABIT may lead to a
higher ranking for that user’s semantic profile. For example,
a user who viewed a used car sale web site 20 times may be
ranked higher than another user who viewed the site two
times, 1n the results of a query including terms
DOMAIN="car” and PREFERENCE="used.” Process 600
returns at block 612.

In some embodiments, social network data may also be
employed 1n the ranking process, to help refine and/or expand
a user segment. Social network data may include information
on relationships between users, and may include relation-
ships at various degrees of separation (e.g. direct acquaintan-
ces, Iriends of irnends, Iriends of friends of friends, etc.).
Social network data may also include information regarding
the strength of relationships between users.

In general, three types of relationships are examined—
close relationships, casual acquaintances, and connections
without personal acquaintance. Close relationships to a user
may include a user’s close friends, family members, or people
who 1n some way have more intimate knowledge of the user’s
interests and/or activities. Casual acquaintances may include
those who are personally known to the user 1 a less intimate
way, such as business acquaintances, fellow organization
members, and the like. The third category includes those
people who are connected to the user 1n some way but who
have no personal interaction. For example, 11 the user com-
ments on an online blog posting, product review, article, or
the like, the user may be connected to the author of the writing,
even though they are not personally acquainted.

In some embodiments, semantic profiles resulting from a
search are ranked or otherwise weighted based at least 1n part
on social network information. For example, a semantic
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may result 1n a list of ten semantic profiles that match the
query, with user Ted ranked eighth 1n the list. Further, social
network information may indicate that Ted has a close per-
sonal relationship with Sue (e.g. his sister). IT user behavior
data for Sue indicates that Sue has a very strong interest 1n
xbrand cars, Ted’s ranking 1n the list may be increased based
on an assumption that he may be more influenced by adver-
tisements for that particular brand of car. In this way, a user
segment may be refined, expanded, or otherwise modified
based on known social network information for users within
the segment.

In some embodiments, different modes may be provided to
an advertiser to facilitate search. For example, an advertiser to
choose to search 1n a semantic mode using semantic terms
DOMAIN, INTENT, etc. as described above. Some embodi-
ments may further provide a keyword mode, enabling an
advertiser to specily particular keywords to directly search
user behavior data. For example, an advertiser may specity a
particular URL to find users who have viewed the web page
identified by the URL. In some embodiments, an advertiser
may specily a search in a combined mode that incorporates
both semantic and keyword modes.

[lustrative User Interfaces

FIGS. 7 and 8 A-8C show example user interfaces in accor-
dance with embodiments. These user interfaces depict exem-
plary user interface elements such as displays, text boxes,
buttons, menus, lists, and so forth. Thus, the particular ele-
ments depicted and their arrangement are not intended to be
limiting, and other elements, arrangements, designs may be
employed without departing from the scope or spirit of the
claimed i1nvention. In some embodiments, such user inter-
faces may be provided by a computing device such as query
processing server(s) 112 and accessible from another com-
puting device (e.g. a client device such as advertiser client(s)
106). In some embodiments, the user interfaces may be part of
one or more dedicated client applications running on a client
device (e.g. semantic query program 214).

FIG. 7 depicts an example user intertace 700 for the speci-
fication of a semantic query to be used to search for semantic
user profiles, as discussed herein. As depicted, user intertace
700 includes various controls that allow an advertiser or other
entity to specily a semantic query. Pageview/query behavior
control 702 enables an advertiser to specily search terms for
user behavior (e.g. search queries and/or pages viewed by the
user online). Habit/time control 704 enables an advertiser to
specily search terms for user habit, including times of day,
weeks, months, years for particular behavior, or other con-
textual information. Geography control 706 allows an adver-
tiser to input particular search terms related to location 1nfor-
mation for the user. This may include location-related habits
(e.g. where the user 1s when he/she engages 1n certain online
behavior) and/or static geographic information for the user
(e.g. location of the user’s home, work, and the like). Domain
control 708, intent control 710, and preference control 712
enable an advertiser to input search terms related to semantic
clements domain, intent and preference as described herein.

As an example of how such controls might be 1mple-
mented, FIG. 7 shows a pop-up menu 720 that may be dis-
played when an advertiser selects a control, in this case intent
control 710. As shown, menu 720 displays a list of choices to
the advertiser for specitying an INTENT search term (e.g.,
“buy,” “rent,” “sell,” “repair” and so forth). Once the adver-
tiser selects an option from the list, the search term may be
added to the semantic query displayed in pane 730.

As the advertiser constructs a semantic query, the query 1s
displayed to the advertiser in pane 730 as a series of search
terms related by logical operators. Though not depicted, user
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interface 700 may include one or more controls to allow the
advertiser to choose from a list of logical operators (e.g.,
AND, OR, XOR, NOT, etc.) when constructing a semantic
query. User intertace 700 further includes an Execute Query
control 750 to enable to advertiser to request that the specified
query be executed.

In some embodiments, mtelligent query suggestion tech-
niques may be employed to suggest possible query terms to an
advertiser. For example, if the advertiser enters a query term
DOMAIN="car,” a suggestion of an additional term
INTENT="buy” may be made automatically. In this way,
embodiments may facilitate ease of use, particularly for those
less experienced advertisers who are unfamiliar with key-
word-based methods for defining a user segment.

In some embodiments, semantic terms DOMAIN,
INTENT, PREFERENCE, and/or HABIT are related to one
another, such that certain options are available under one term
based on the choice of an option for another term. For
example, 1 an advertiser specifies DOMAIN="car” as a
search term, then the list of available options for INTENT
may include possible user intents related to cars such as
buving, selling, renting, repairing, and so forth. However, it
an advertiser specifies DOMAIN="book,” a different list of
INTENT options may be made available, such as buying,
selling, borrowing, trading, and so forth. Thus, the choice of
a particular option for one term may constrain the options
available for other terms. In some embodiments, available
options for the various semantic terms may be stored as lists
or the like 1n one or more knowledge bases 1n a database or
other storage, and made available to the exemplary processes
and user 1nterfaces described herein.

In some embodiments, an advertiser may be given an
option to specily a broad search or a more exact search for the
query terms. For example, a user’s request of a broad match
may lead to a search being performed on the particular query
terms specified (e.g. DOMAIN="car”’) as well as terms that
are semantically similar to the specified terms (e.g.
DOMAIN="automobile,” “vehicle,” etc.). A user’s request of
an exact match may lead to a more limited search based on the
specified terms.

FIGS. 8A-8C depict various views ol an example user
interface 800 for displaying search results. User interface 800
includes an element 802 which displays the specified seman-
tic query for which the search was performed. Various tabs
806, 808, 810, and 812 provide an advertiser with different
views 1nto the search results, displayed in display pane 804.

FIG. 8A depicts a scenario where the advertiser has speci-
fied a semantic query for users who expressed the intent to
buy a phone. Here, the advertiser 1s viewing User Listtab 806,
which provides a ranked list of users whose semantic profiles
{1t the specified query. In some embodiments, detailed 1nfor-
mation regarding the user and the user’s online behavior may
be provided to the advertiser. As shown, the first ranked user
(UserID=1234567) entered a particular search query six
times (e.g. frequency=6) and viewed a particular web page
three times. Additional information regarding the user’s loca-
tion, domain, preferences, intents and habits may also be
displayed.

In some embodiments, user interface 800 may include
turther functionality to enable an advertiser to specily a user
segment by selecting one or more of the displayed users. Such
a user segment may then be targeted by the advertiser for one
or more advertisements or advertising campaigns, €.g. the
advertiser may select one or more particular advertisements
to be displayed to users 1n the user segment.

FIG. 8B depicts a scenario 1in which the advertiser has
specified a semantic query to search for users that have shown
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an 1nterest 1n buying air travel services, with a preference for
a particular airline brand “flyair.” In this example, the adver-
tiser has also specitied DWELLTIME>S as part of a semantic
query, indicating a search for users who viewed web pages or
search query results for longer than a certain specified time
period (e.g. S seconds). In F1G. 8B, the advertiser has selected
By Query tab 808 to specily a view into the result data based
on search queries executed by the users. In this case, display
pane 804 shows information for the queries executed by the
users in the search result set, ranked by the total count. As
shown 1n this example, 3215 users entered search queries
related to “tlyair” brand airlines, with the total number of such
queries 4915. In this case, this particular set of users also
entered search queries for other airlines “xyz airlines,”
“mocair,” and so forth. Although not shown, an advertiser
may also select tabs 810 or 812 to view results similarly
summarized according to pageview or location. User inter-
face 800 may also provide additional tabs to provide various
others views 1nto results.

In some embodiments, user interface 800 may also provide
more detailed statistical analysis ol the search results. Such an
example 1s shown 1n FIG. 8C, in which the display pane 804
shows a graph of query frequency over time of day. In some
embodiments user interface 800 may also include one or more
controls to enable an advertiser to graphically select from the
users based on the time of day at which they entered search
queries for the specified domain, intent, etc. For example,
using the chart displayed in pane 804, the advertiser may
select from time of day 1200 to 1800 to select a subset of users
who entered search queries for “flyair” airline during that
time, to more narrowly target advertisements towards users
who search online for airfares during the afternoon. Other
types of statistical analyses may be included without depart-
ing from the scope or spirit of the claimed invention.

EXAMPLE USE CASES

The following examples illustrate use cases that show uses
and advantages ol embodiments.

Example 1
The Long Tail Advertiser

Mary owns an internet store which sells generic brand
and/or inexpensive clothing. She wants to find potential cus-
tomers, but she has a small budget for advertising and does
not want to spend money on an expensive branding campaign.
She prefers to accurately target a small group of users to
deliver her advertisements. She uses embodiments described
herein to specily a semantic query DOMAIN="clothing”
AND INTENT="buy” AND PREFERENCE="“inexpensive
clothing™ and recerves a ranked list of users that fit those
criteria. In accordance with her budget, she selects the top
5000 ranked users to target with her advertisements.

In this way, embodiments effectively enable advertisers to
target narrowly defined segments. Such narrow segments
may include the so-called long tail of users who continue to
express interest 1 a product or service that was previously
very popular, but 1s now less popular (e.g. has a long tail of
popularity over time after a previous spike in popularity).

Example 2
The Inexperienced Advertiser

Jack 1s the CEO of a startup internet company which pro-
vides social networking services to internet users. He would
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like to do some marketing through online advertising, to raise
brand awareness and increase his user base. However, adver-
tising 1s neither his expertise nor his main focus, and he has
limited time to devote to the task. He 1s not familiar with the
keywords he may specily to define a user segment, and there-
fore has a difficult time tuning a targeted user segment for a
particular campaign. However, the semantic querying engine
1s more easily accessible to him, given the choices made
available for search terms based on domain, intent, prefer-

ence, and/or habit. Thus, Jack 1s able to define a semantic
query for DOMAIN="mtemet service” AND PRE-

FERENCE="social network” AND INTENT="participate”
to find a ranked set of users whose online behavior indicates
they may have an interest in participating in an online social
network.

Example 3
The Experienced Advertiser

Jin 1s an experienced advertising professional, and she
knows how to use keywords to define a user segment. She has
an existing user segment that she wishes to modily and fine-
tune for aparticular campaign. Using embodiments described
herein, she can more easily determine new users to add into
her existing user segment by defining one or more semantic
queries and/or queries employing keywords to search directly
into user behavior data. Thus, the embodiments described
herein give her a powertul tool that she may use to target the
right ads to the right potential customers.

Conclusion

Although the techniques have been described 1n language
specific to structural features and/or methodological acts, 1t 1s
to be understood that the appended claims are not necessarily
limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as exemplary forms of
implementing such techniques.

What 1s claimed 1s:

1. A computer-implemented method for facilitating online
advertising, comprising;:

generating a semantic user profile for each of a plurality of

users, based at least on user behavior data collected for
each user;

indexing the semantic user profiles;

receiving at least one semantic query;

performing a search over the mndexed semantic user pro-

files based on the at least one semantic query, to enable
selection of a target user segment from the plurality of
users;

determining a set of the indexed semantic user profiles

resulting from the search;

ranking the set of the indexed semantic user profiles based

at least on an 1mndex of each of the indexed semantic user
profiles of the set; and

providing the ranked set of the indexed semantic user pro-

files, to enable the selection of the target user segment.

2. The method of claim 1, wherein the user behavior data
includes at least one of search query data and page view data
for each user.

3. The method of claim 1, wherein the semantic user profile
includes at least one of an interest domain, a user intent, and
a user preference.

4. The method of claim 1, wherein the semantic user profile
includes at least one habit that 1s inferred based at least on
temporal information in the user behavior data.
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5. The method of claim 1, further comprising retrieving a
static user profile for each user, and wherein the semantic user
profile 1s Turther based on analyzing the static user profile.

6. The method of claim 1, wherein the generating and the
indexing of the semantic user profiles are performed ofiline.

7. The method of claim 1, wherein the ranking of the set of
indexed semantic user profiles 1s further based on a corre-
spondence between the at least one semantic query and each
of the set of indexed semantic user profiles.

8. The method of claim 1, wherein ranking the set of
indexed semantic user profiles employs a ranking model
developed using machine learning.

9. The method of claim 8, wherein the machine learning 1s
supervised.

10. The method of claim 8, further comprising developing
the ranking model oftline.

11. The method of claim 1, wherein the at least one seman-
tic query includes at least one of a user interest domain and a
user intent.

12. A system for facilitating online advertising, compris-
ng:

One or more processors;

an extraction component, executed by at least one of the
one or more processors, that extracts a dynamic user
profile from a user behavior data stream;

a semantic build component, executed by at least one of the
one or more processors, that correlates information from
the dynamic user profile to build a semantic user profile;

an mndexing component, executed by at least one of the one
or more processors, that indexes the semantic user pro-
file;

a modeling component, executed by at least one of the one
or more processors, that generates a user ranking model
based at least on machine learming; and

a query processing component, executed by at least one of
the one or more processors, thatretrieves a set ol indexed
semantic user profiles in response to a recerved semantic
query, wherein the query processing component ranks
the set of 1ndexed semantic user profiles based on the
user ranking model.

13. The system of claim 12, wherein the machine learning

incorporates a support vector machine technmque.

14. The system of claim 12, wherein the extraction com-
ponent extracts the dynamic user profile based on a pre-
defined, moving time window of the user behavior data
stream.

15. The system of claim 12, wherein the semantic build
component further incorporates a static user profile to build
the semantic user profile.

16. The system of claim 12, wherein the semantic build
component further incorporates social network information
to build the semantic user profile.

17. The system of claim 12, wherein the indexing compo-
nent executes 1 an oifline mode, and wherein the query
processing component executes in an online mode.

18. One or more computer-readable storage media storing
computer-executable instructions that, when executed by a
computer, cause the computer to perform acts comprising:

generating a semantic user proifile for each of a plurality of
users, based at least on user behavior data collected for
each user;

indexing the semantic user profiles;

receving a semantic query;

performing a search over the indexed semantic user pro-
files based on the semantic query, to enable selection of
a target user segment from the plurality of users;
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determining a set of the indexed semantic user profiles
resulting from the search;
ranking the set of the indexed semantic user profiles based
at least on an 1ndex of each of the indexed semantic user
profiles of the set; and 5
providing the ranked set of the indexed semantic user pro-
files, to enable the selection of the target user segment.
19. The one or more computer-readable storage media of
claim 18, wherein the semantic query includes at least one of
a user mnterest domain and a user intent. 10
20. The one or more computer-readable storage media of
claam 18, wherein the ranking employs a ranking model
developed through supervised machine learning.
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